Woody encroachment, the increase in woody biomass, stem densities or woody cover, is a 57 symptom of an alteration in ecosystem processes; it has been documented across continents and 58 6 converted measures of basal area to canopy cover using data presented by Lehmann et al. (2009) 
. In 107
Africa, similar conversion formulae were not available so only studies considering changes in woody 108 cover were considered. 109
110
We also compiled studies documenting change in the extent of forest and savanna 111 vegetation. Sites were included if they were untransformed by large-scale agriculture and human-112 induced afforestation or deforestation. The literature was searched using the terms, "forest", 113
"savanna", "expansion", "shift", "increase", "decrease", "biome switch". Similarly, these studies 114 required two time points. However, across publications there was far less consistency in the metric 115 of change quantifying changes in the extent of savanna. Change was recorded as both change in 116 forest patch size (where the extent of an entire forest patch was measured) or the proportion of 117 ground area covered by forest versus savanna over a given area. We therefore recorded changes as 118 the proportional change of forest relative to savanna but did not use this in the statistical analyses 119 represent the best control situation where natural disturbances caused by regular fires and 129 moderate herbivory (grazers and browser) are mostly maintained. In some areas, elephants are7 present, which can interact strongly with woody cover, by extensively damaging woody plants 131 (Guldemond & Aarde, 2008) . Commercial grazing is primarily centred around livestock production 132 resulting in a grazer-dominated system (Scholes, 2009) . In Africa, the other predominant land use is 133 communally-owned subsistence farming (communal rangelands) (Scholes, 2009 
Statistical Analysis 143
Our database consisted of studies documenting both increases and decreases in woody cover over 144 time ( Figure 1) . We found that studies that documented woody cover declines were often 145 accompanied by direct evidence of the environmental driver of vegetation change (e.g. drought, 146 elephant damage), and that these changes were generally observed over short time periods. Of the 147 110 sites in the database documenting savanna woody change, 13 sites documented declines in 148 woody cover (Appendix S4). Of those sites, only two did not provide direct evidence for the cause of 149 the decline. Therefore, we performed an analysis which aimed to investigate correlates of woody 150 cover increase. 151 152 Data were analysed using a generalised linear model (Gaussian error family) framework in R 153 (version 3.1.1) (R Core Team, 2014). We included initial woody cover as a covariate representing site 154 level variation. Initial cover (IC) has an important bearing on the potential for a site to increase in8 woody cover. We expect that sites low in woody cover are more likely to experience higher rates of 156 woody cover increase simply because these sites are less limited by tree-tree competition, and 157 herbivore abundance as these data were inconsistently recorded across studies. Given the variable 170 time periods over which these studies were undertaken, it would be inappropriate to estimate a 171 mean fire return time based on the more recent remotely sensed data. 172
173
Candidate models to describe rate of woody cover increase were compared using Akaike's 174 information criterion, corrected for small sample sizes (AICc) to rank the models. As models with a 175 ΔAICc < 2 are considered well supported, we used model averaging on the models with a ΔAICc < 2. 176
We used the averaged final parameter estimates, standard errors and confidence intervals to 177 demonstrate the effect size of the different parameters. All analysis was performed using the software 178 R (version 3. We tested for differences in the rate of woody encroachment between comparable land 185 uses within Australia and Africa using a one-way ANOVA. To test for differences in the rates of 186 woody cover between different land uses within Africa we used a two-way ANOVA. Post-hoc analysis 187 was performed using a TukeyHSD test in R (version 3. Table 1 ). In Australia, where the majority of sites 204 and studies occurred, forest expansion occurred at a rate of 0.7% per year (7% increase in forest 205 area into savanna matrix, per decade) (72 sites). Here, forest expansion into savanna was usually 206 attributed to fire suppression. There were significantly fewer studies of forest-savanna boundary 207 shifts in Africa (5 studies) and Brazil (5 studies), forest expansion was still apparent across all sites. In 208 Africa, a mean annual increase of 0.3% of forest area per year within the savanna matrix was 209 observed, and in Brazil a larger mean annual increase of 1.1% forest area per year was recorded 210 (Table 1) . 211
We examined the relevance of continent, mean annual precipitation, start year and initial 212 cover on rates of woody cover increase and identified two plausible models (Table 2a) . Model 213 averaged coefficients indicated that continent, mean annual precipitation, start year and initial cover 214 had relevance in these data. Rates of woody cover increase were higher in studies which started 215 later in the 1900s and early 2000s. We found a strong interaction between initial cover and 216 continent, particularly in South America (Table 2b) . There, annual rates of increase were highest with 217 low initial woody cover, and thereafter the rate of annual increase in woody cover decreased as 218 initial woody cover increased. We repeated this analysis separately for each continent. In Africa the 219 start year was positively correlated with the rate of encroachment. In South America, observed rates 220 increase were positively correlated with increasing the initial cover. Mean annual precipitation was 221 not an important predictor of rates of woody cover increases in any of the continents. 222
African savannas can be classified into four land management types (Table 1 and 
methods). 223
When comparing rates of woody cover increase among land management types, significant woody 224 cover increases occurred across all of these management types except in conservation areas where 225 elephants were present (0.1% per year) (F 3,49=2.75, p<0.033) ( Table 1) . A post-hoc Tukey test 226 confirms that the presence of elephants is associated with significantly lower rates of increase in 227 comparison to communal rangelands and grazed lands. 228 cover changes across these comparable regions. We found that average rates of change in Africa 231 were two and a half times of Australian savannas (2.5% vs. 1.1% per decade; Table 1) , and the 232 patterns of woody cover increase were significantly higher in African grazing land when compared to 233
Australian grazing land (F (1, 27) =16.04, p<0.000). 234
The biology of the encroaching species differed between continents. In Africa, 94% of sites 235 (from the 71% of studies reporting such information) were characterised by species with the 236 potential to fix nitrogen (Appendix S4). In South American savannas only 10% of sites were recorded 237 as being characterised by N-fixing species (from the 85% of studies reporting such information). In 238 Australia, none of the encroachment was caused by N-fixing species (from the 30% of studies 239
reporting the dominant woody encroaching species). 240
241 Discussion 242
We demonstrate that woody encroachment -both within savannas and forest expansion into 243 savannas -is widespread across the savanna biome. Woody encroachment, albeit with varying 244 regional magnitude, occurred across regions and land uses. Our meta-analysis of historical records 245 demonstrates a widespread trend of increasing woody cover, which was already apparent in the 246
1970s. 247
We found that initial cover was an important correlate of the rate of encroachment, where a 248 high initial cover was associated with a lower subsequent rate of encroachment. This . We argue that the biology of 378 regional floras will influence the susceptibility of a region to encroachment. 379 While, our study allows us to chart trajectories of woody cover change it does not allow us to 380 determine the underlying causes of encroachment. However, this comparison enables us to 381 establish testable hypothesis to explain regional variation in encroachment, highlighting the need for 382 experimentation that to date has been lacking in savanna ecology.
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